Background and aims: Temporal lobe and tonic-clonic seizures are the most common types of epilepsy. It is a disease that disrupts the regulation of the hypothalamic pituitary adrenal (HPA) axis. The disturbance in the regulation of this axis affects the secretion of hormones from the anterior pituitary. Due to the different origins of these 2 types of epilepsy listed above, this study aimed to examine their differences in the level of anterior pituitary hormones. Methods: This cross-sectional study was conducted in Al-Zahra hospital of Isfahan, Iran, from 2014 to 2016. A total of 36 patients with the idiopathic first seizure were selected for the examination including 20 patients with tonic-clonic seizure and 16 patients with temporal lobe seizure. The diagnosis of epilepsy was confirmed by a neurologist along with electroencephalogram (EEG) findings. The levels of anterior pituitary hormones including thyroid-stimulating hormone (TSH), adrenocorticotrophic hormone (ACTH), GH (growth hormone), follicle-stimulating hormone (FSH), luteinizing hormone (LH) and PRL (prolactin) were measured and compared using ELISA method in both groups. Results: The results indicated that all the anterior pituitary hormones except TSH and ACTH had higher means in the temporal lobe epilepsy than in the tonic-clonic epilepsy, but a significant difference (mean ± SD) was reported only in GH (4.59±2.95) (2.55±1.87) (P < 0.005) and FSH (19.4±14.06) (4.34±2.37) (P < 0.033) respectively in the temporal lobe and tonic-clonic seizures. Meanwhile, there was a significant relationship between seizure, regardless of its type, and the level of growth hormone and FSH. Conclusion: In the future, hormonal changes may be used as an adjunct to diagnose the type of epilepsy. More studies are required to confirm the findings.
Introduction
The anterior pituitary is often known as the master gland because this gland along with the hypothalamus organizes and coordinates the regulatory operations of the other endocrine glands. The anterior pituitary gland produces six major hormones called prolactin (PRL), growth hormone (GH), adrenocorticotrophic hormone (ACTH), luteinizing hormone (LH), follicle-stimulating hormone (FSH), and thyroid-stimulating hormone (TSH). These hormones are secreted by a pulsing pattern, indicating that they are stimulated by a series of hypothalamic releasing factors. Hypothalamus, hippocampus, parahippocampus, and amygdala are parts of the limbic system located in the temporal lobe. The amygdala is an area with a bilateral relationship with many regions of the brain, including thalamus, hypothalamus, hippocampus, parahippocampus and brain stem, and is an essential area for coordinating behaviors and intrinsic autonomic responses to environmental stimuli. The hippocampus receives sensory inputs from the neocortex, especially the limbic cortex, amygdala, and hypothalamus. Temporal lobe seizures typically originate from this area. Hippocampus inhibits the activity of the hypothalamic pituitary adrenal (HPA) axis. The hypothalamus receives information from the hippocampus and amygdala, and the paraventricular nucleus (PVN) of the hypothalamus controls the activity of the HPA axis. Totally, the limbic system regulates intrinsic and autonomic functions, as well as being involved in HPA axis regulation (1) . Epilepsy impairs the function of the HPA axis (2) . Its effect on the HPA axis can vary between generalized and localized epilepsies so that limbic seizures have stronger and greater effects than generalized seizures. According to previous studies, disruption in HPA axis affects the secretion level of the pituitary hormones resulting in changes in the concentration of these hormones in the blood (1) . As epilepsy influences the hormones, the hormones can affect epilepsy. There is an intricate association in the corresponding relationship between epilepsy and such hormones. The effect of hormones on brain excitability can be illustrated by the frequencies of seizures (3, 4) . Different sex hormones can be metabolized to different neurosteroids in the brain, so their effect is stronger on excitability. Considering the association between the temporolimbic system and the hypothalamus, epilepsy may modify sex hormones in both genders (5) . A research surveying the differences in hormone levels between patients with left and right temporal lobe epilepsies indicated more secretion of gonadotropin-releasing hormone (GnRH) in patients with left temporal lobe epilepsy (TLE) leading to an increased LH/FSH ratio and higher levels of testosterone (6) . Another study investigated the level of LH in men with temporal epilepsy suggesting that the secretion of this hormone was confused (7) . PRL level was measured after a seizure. It increased in all patients with generalized tonicclonic seizures, most patients with complex partial seizures and some with simple partial seizures (8) . Therefore, the goal was to evaluate and compare the anterior pituitary hormones in these 2 types of epilepsy due to the difference in their origins and the corresponding relationship between hormones and epilepsy.
Materials and Methods
This cross-sectional study was conducted at Al-Zahra hospital of Isfahan, Iran, from spring 2014 to winter 2016. The population included all patients with the idiopathic first seizure, 36 persons of whom participated in the study by the consecutive method. The diagnosis of all patients was performed by a neurologist based on the International Classification of Seizures (9) and findings were consolidated based on electroencephalogram (EEG). Patients enrolled in this study included people aged over 18 with the first seizure of tonic-clonic epilepsy (TCE), or the first seizure of TLE referring within the first 24 hours of the seizure. In addition, the patients should not be pregnant, lactating female, postmenopausal, have Cushing's syndrome, be with hypothyroidism and hyperthyroidism, acromegaly, tuberous sclerosis (10), alcohol addicted, have brain tumor, be with chronic anxiety (11) , with secondary generalized epilepsy, use hormonal contraceptive methods, be under the hormone replacement therapy, have a history of polycystic ovaries, have irregular menstrual syndrome and suffer from mesial temporal sclerosis. In addition, individuals treated with antiepileptic drugs, people with more than one seizure and those with reluctance to cooperate were excluded from the study. The data collection tool included a personal interview with the patient, an EEG and blood test. Demographic information of patients such as age, sex, marital status, level of education, and time of the seizure occurrence were collected via questionnaires. None of the patients were taking medicine.
Blood samples were obtained from all patients for measurement of anterior pituitary hormones involving FSH (mIu/mL), LH (mIu/mL), ACTH (pg/mL), GH (ng/mL), TSH (micIu/mL) and PRL (ng/mL) with Diasorin kit and electrochemiluminescence device using ELISA method. Data analysis was performed through the SPSS software version 18.0 and descriptive and analytical methods using the t test, chi-square test and Pearson correlation coefficient. The significance level for all statistical tests was considered 0.05.
Results
The present study examined 36 patients with generalized and temporal lobe seizures, of whom 20 individuals had a generalized seizure and 16 suffered from temporal lobe seizure. The demographic characteristics of the patients are presented in Table 1 .
About 53% of the patients in the tonic-clonic seizure group and 42% of the patients in the temporal lobe seizure group had normal EEGs.
The mean levels of FSH, ACTH, GH, PRL, LH, and TSH are reported in Table 2 .
Overall, there was a significant relationship between seizure and GH (P = 0.005) and FSH (P = 0.033) levels, and no significant relation was found for LH, PRL, ACTH and TSH hormones.
The level of all anterior pituitary hormones other than TSH and ACTH in TLE was higher compared to TCE, but a significant difference was only observed in the levels of GH (P = 0.005) and FSH (P = 0.033). The levels of both hormones were significantly higher in the temporal lobe type than in the tonic-clonic type of epilepsy.
In TLE, PRL levels had a significant positive correlation with TSH (P = 0.007 and r = 0.649) and ACTH (P = 0.001 and r = 0.753). In other words, an increment in PRL increases TSH and ACTH ( Table 2 ).
In TCE, PRL levels had a significant positive correlation with TSH (P = 0.005 and r = 0.605) and FSH (P = 0.049 and r = 445) and LH (P = 0.502 and r = 0.441). As a matter of fact, PRL increment leads to an increase in TSH, FSH and LH levels.
Discussion
In this study, there was a significant relationship between seizure and levels of GH and FSH hormones, and no significant relationship was found between the other hormones.
The level of all hormones other than TSH and ACTH was high in the temporal lobe seizure than in the tonicclonic seizure, but a significant difference was observed only in the levels of the GH and FSH. The levels of both hormones were significantly higher in the temporal lobe type than in the TCE.
The anterior pituitary is often known as the master gland since it organizes and coordinates the regulation of other endocrine glands, along with the hypothalamus. Pituitary hormones are secreted by a pulsing pattern, indicating that they are stimulated by a series of hypothalamic releasing factors. Temporal lobe seizure originates from the temporal lobe area which plays an important role in organizing sensory inputs as well as in auditory, lingual, and verbal comprehension.
The hippocampus, parahippocampus, amygdala, and hypothalamus are parts of the limbic system located in the temporal lobe. Amygdala is an area that has a bilateral relationship with many brain regions, including thalamus, hypothalamus, hippocampus, parahippocampus, and brain stem. The amygdala is an essential area for coordinating behaviors and autonomic and intrinsic response to environmental stimuli (especially with emotional content) and stimulates the secretion of glucocorticoids. Therefore, damage to the amygdala reduces the response to emotional stimuli. The hippocampus receives sensory inputs from the neocortex, especially the limbic cortex, amygdala, and hypothalamus. Temporal lobe seizure typically originates from this area. Hippocampus inhibits the activity of the HPA axis. The hypothalamus receives information from the hippocampus and the amygdala, and the PVN of hypothalamus controls the activity of the HPA axis, which has a direct relationship with the limbic system and the PVN. Furthermore, the limbic system adjusts the autonomic and intrinsic function, especially in response to emotional stimuli. This system is also involved in regulating the HPA axis (1).
In patients with epilepsy, the base level of stress hormones increases, which can increase subsequent seizures. Epilepsy impairs the regulation of the HPA axis function (2) . The effect of epilepsy on HPA can be different in generalized and localized epilepsies. Limbic system seizures have more powerful and bigger effects than generalized seizures (1). Activation of HPA by initial seizure may be related to subsequent seizures (2) . Therefore, it is reasonable that the differences between levels of hormones were observed in both types of seizures in this study and other findings are in accordance with that.
A research studied FSH levels in 33 male patients with seizure and 11 healthy individuals in the control group. The level of FSH in patients significantly increased (12) . In another study, the level of this hormone was measured in 2 types of epilepsy, which increased only in female participants (13) . The brain controls the reproductive function by regulating the hypothalamus in the pituitary gland (14) . The areas of the hypothalamus, involved in GnRH secretion and regulation, receive extensive direct communication from the cerebral hemispheres, especially the temporolimbic structures and amygdale (12, 15) . The temporal lobe seizure increases the frequency of GnRH secretions, which is associated with an increase in the LH/ FSH ratio. Different sex hormones can be metabolized into different neurosteroids in the brain and their effect on excitability is stronger. Estrogen further stimulates the development of epilepsy, while progesterone has an antiepileptic effect.
Fluctuations in hormonal levels, especially in estrogen and progesterone levels, are associated with changes in seizure patterns. These hormones seem not to be the primary cause of seizure but can alter the pattern of seizures. They can also affect brain function by disturbing specific hormonal receptors that affect the neurons. The high density of these receptors is seen in areas that are important in causing seizures (12) . In a study, Premarin, an injectable estrogen, was injected into 16 women with epilepsy, by which seizure increased in 11 of them. Compared with estrogen, progesterone injections in people with epilepsy reduced their seizures (16) .
Testosterone and its effect on seizure depend on its metabolites. Estradiol and 3-α-androstenediol stimulate seizure. Dihydrotestosterone reduces neuronal excitability (12) .
In a study on 49 selected patients suffering from one of these 2 types of epilepsy, regardless of gender, the level of GH increased in some patients with TCE but the level of this hormone did not significantly increase in subjects with complex partial epilepsy (17) .
Another study measured the level of GH in 12 patients with both types of epilepsy and 28 healthy cases in the control group. This study showed that the amount of GH increased following seizures (18) .
The serum level of ghrelin (a hormone secreted mainly from the stomach) increases in the case of epilepsy. When ghrelin enters the nervous system via a blood-brain barrier, it enhances the GH gene expression in the hippocampus and the cortex leads to increased secretion (19) .
Comparison of PRL levels of serum in 2 groups of epilepsy in previous studies showed that serum PRL levels had more increment in TLE (13) . In another study, serum PRL was examined in more than 500 seizures which increased in 88% of tonic-clonic seizures and 78% of temporal lobe seizures (20) . The factor that contributed to differences in the results of PRL in this study and other studies was that the time constraints for blood sampling were not considered, while other studies have regarded specific time for sampling.
In a study on patients with temporal lobe and tonicclonic epilepsies, higher levels of ACTH secretion were observed after epileptic seizures (21) .
An increase in LH levels was observed in a study on women with multiple epileptic seizures without consuming antiepileptic drugs (22) .
A research that measured the level of TSH in patients with epilepsy and control group showed no difference between the affected and healthy subjects (23) .
Another research compared TSH levels in 88 patients with seizure and in 30 healthy individuals in control group, where and the level of this hormone was reported to be high in 4% of the patients (24) .
Patients in this study referred after the first seizure and their number was limited, while individuals with chronic epilepsy were selected in other studies. This may cause some differences compared to previous studies.
The strength of our study was examining patients with the first epileptic seizure. These patients did not take any medication.
Antiepileptic drugs also cause hormonal changes, because they, directly and indirectly, affect the function of the HPA axis (25) . These drugs accelerate the metabolism of hormones by inducing effects on the liver enzymes and reducing their serum concentrations. Antiepileptic drugs can alter endocrine function in both genders with epilepsy, and this change can cause significant reproductive disturbances (12) .
Conclusion
The current study found a significant relationship between seizure and levels of GH and FSH hormones, and no significant relationship was observed with other hormones.
The level of all hormones except TSH and ACTH was higher in temporal lobe seizure than in tonic-clonic seizure, but there was a significant difference only in the level of GH and FSH. The level of both hormones in the temporal lobe type is significantly higher compared to TCE. Extensive studies along with more patients are required to consolidate these findings.
